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Our  ultimate  objective  remains  the  total  elimination  of  drugs  and 
the  production  of  pure  electroanesthesia. 

At  the  present  stage  of  our  research,  a  mixed  method  called  electro- 
pharmaceutical  anesthesia  has  been  developed.  Drugs  are  still  used  for  In¬ 
duction,  but  In  most  cases  anesthesia  Is  maintained  throughout  surgery  with 
the  analgesic  effect  of  electrical  current.  There  is  far  less  pharmaceutical 
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Intoxication  than  with  classical  anesthesia  since  the  maintenance  of 
anesthesia  Is  made  by  means  of  electric  current  according  to  the  routine 
protocole  thus  avoiding  injections  of  drugs  which  are  known  to  be  toxic. 

Two  double-blind  studies  were  made  upon  request  of  the  sltervlslt. 
team.  The  efficiency  of  current  was  then  evaluated  during  a  first  study 
on  50,  then  a  second  one  on  37  volunteer  patients.  The  Induction  was  the 
same  for  all  patients,  but  maintenance  was  different  In  the  two  studies^ 

In  the  first  study  anesthesia  was  to  be  maintained  with  electrical 
current  and  fentanyl  If  necessary,  but  actually  current  was  stopped  In  26 
cases  (unknown  to  the  surgeon  and  anesthesiologist)  In  order  to  really 
check  the  action  of  current.  The  results  showed  a  significant  decrease  In. 
the  use  of  fentanyl  when  current  was  on.  . 

In  the  second  study,  anesthesia  was  supposed  to  be  maintained  with 
current  plus  N?0  0?  and  fentanyl  If  necessary,  but  actually.  In  order  to 
remain  as  objective  as  possible,  in  some  cases  current  and  N20  were  suppressed, 
In  other  cases,  only  current  was,  in  others,  only  N20  was  (afways  unknown 
to  surgeons  and  anesthesiologists).  But  this  study  did  not  give  satisfying 
results  as  regards  the  analgesic  efficaciousness  of  current.  Therefore, 
another  comparative  study  (not  double-blind)  was  Initiated,  which  gave  very 
satisfactory  results. 
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Thanks  to  the  funds  provided  by  the  U.S.  Army 
Medical  Research  and  Development  Command  since 
1973,  we  have  been  able  to  perform  deep  Investi¬ 
gation  in  our  research  on  the  application  of 
transcranlal  currents  on  man  and  we  have  thus 
developped  a  method  of  electropharmaceutlcal 
anesthesia. 

During  these  past  six  years  of  experimental  studies 
and  clinical  human  essays,  not  only  have  we  been 
able  to  find  efficacious  currents  provoking  neither 
Initial  shock,  pain  or  unpleasant  sensation,  nor 
burns  or  other  cutaneous  damage,  or  muscular  con¬ 
tractures,  respiratory  depression  or  cerebral  lesion 
but  we  have  been  able  to  locate  Ideal  site  for  the 
electrodes,  and  to  select  the  most  efficient  drug 
associations  at  a  minimum  dose. 
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MATERIAL  AND  METHOD 

i  . — - 


Many  goals  have  been  attained  since  1973  : 

A.  NATURE  OF  CURRENT. 

The  output  current  Is  blphaslc.  It  Is  composed  of  modulated 
high-frequency  pulse  trains  (peak-to-peak  Intensity  300  mA, 
average  Intensity  =  0).  The  on-time  of  the  wave-trains  Is  3 
or  4  mS,  followed  by  a  10,  8  or  6  mS  off-time  (Table  I).  These 
wave  trains  are  composed  of  successive  Impulslonal  waves  of  a 
particular  shape  :  one  positive  Impulse  of  high  Intensity  and 
short  duration,  followed  by  a  negative  Impulse  of  weak  Intensity 
and  long  duration  adjusted  In  such  a  way  that  the  positive  sur¬ 
face  be  equal  to  the  negative  surface.  The  use  of  such  a  negat¬ 
ive  phase  makes  It  possible  to  eliminate  all  risks  of  burn  (fig. 
1#  2^(1$, 21). 


Position 

on-time 

repetition  per. 

L.F. 

t  (ms) 

T  (ms) 

A 

3 

13  *  41 

or  B 

4 

12-41 

or  C 

3 

10  -  41 

H.F. 

♦ 

mm 

vS 

vS 

FI 

1.2 

4.8 

or  F2 

2 

4 

TABLE  I  -  PRESELECTION  OF  ELECTRIC  PARAMETERS,  A ,  Bt  C  positions 
are  three  different  L.F.  cyclic  ratios.  Positions  FI 
and  F2  are  two  different  H.F.  cyclic  ratios. 
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This  type  of  current  found  Its  shape  very  progressively 
as  the  human  clinical  essays  proceeded.  The  current  Initially 
used  was  composed  of  unidirectional  high  frequency  trains 
consisting  of  3  mS  rectangular  pulses  modulated  at  130  kHz 
with  a  frequency  of  repetition  of  77  Hz  and  an  average  Intens¬ 
ity  of  8  mA  (fig.  3,  4)(1»2>3»?)- 

At  the  beginning  we  studied  the  on-time  and  the  cyclic 

rate  of  repetition  of  the  wave  trains,  l.e.  t  /T  (t  *  on- 

time  of  the  wave  trains  and  T  *  cyclic  rate  of  repetition).  The 

3ms  4ms 

best  results  obtained  were  with  the  three  pairs  :  -  »  - 

and  -jgjjjf*  These  pairs  have  been  selected  because  l3ms  12ns 
they  permit  to  change  the  low-frequency  cyclic  ratio  during 

/C  ffj 

long-duration  surgery  In  order  to  avoid  accustuming'  '  . 

The  various  electric  parameters  (cyclic  ratio,  shape  of 
waves,  peak-to-peak  voltage)  have  been  checked  with  an  oscillo¬ 
scope.  The  peak-to-peak  Intensity  was  measured  with  a  P  6021  AC 
Tektronix  current  probe  placed  on  one  of  the  output  threads  of 
the  electroanesthesia  generator  and  connected  to  the  oscillo¬ 
scope  (see  our  first  annual  report  under  contract  n°  DADA  17 
73  C  3056,  year  1974) (W  . 

Then  we  came  to  study  the  value  of  high  frequency,  the 
shape  of  the  HF  waves  and  the  HF  cyclic  ratio.  No  significant 
difference  has  ever  been  reported  during  our  clinical  observat¬ 
ions  between  100  and  700  kHz  and  this  Is  why  we  have  empiric¬ 
ally  chosen  the  Intermediary  167  kHz  (6  u$)  which  we  now  use. 
But,  on  the  other  side,  the  shape  and  the  cyclic  ratio  of  the 
HF  waves  are  of  utmost  Importance  to  provoke  analgesia.  Various 
shapes  of  waves  have  been  tested  (triangular,  rectangular,  ex¬ 
ponential),  and  the  best  result  was  given  by  the  signal  with  an 
exponential  ascent  and  acute  fall.  As  regards  the  cyclic  ratio 
of  the  HF  waves,  1/5  was  the  best  one,  l.e.  t\  ■  1.2  uS  and 
T*  -  6  wS  (fig.  5). 
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The  following  calculations  come  to  support  the  clinical 
observation.  The  product  of  pulse  magnitude  and  pulse  duration 
(positive)  equals  the  product  of  pulse  magnitude  and  duration 
(negative). 

t'I+  ■  (T*  -  t')I"  (  (1) 

n  ■  HF  cyclic  ratio  ■  — 

T* 

nl+  -  (1  -  n)I“  (2) 

The  peak-to-peak  Intensity  I  Is  : 

I  -  I+  +  I*  (3) 

The  corresponding  power  delivered  over  a  period  T'  to 
resistance  R  Is  proportional  to  the  square  of  the  current  : 

p+  *  n  R  (I*)2  «  R  n  (1  -  n)2  I2  (4) 

and 

/  p"  ■  (1  -  n)  R  (I*)2  -  R  (1  -  n)  n2  I2  (5) 

The  total  power  delivered  during  one  high  frequency 
period  Is  (4)  +  (5)  : 

PT  .  p+  +  p“  «  Rn  (i  -n)  I2  (6) 

The  ratios  of  P+/Pj  and  P“/PT  are  : 

p+ 

■  1  -  n  (7) 

PT 

r  ■  »  («) 

This  Illustrates  that  for  n  small  (0.2),  most  of  the 
power  is  the  narrow  l*  pulse. 
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This  spike  of  short  duration  seems  to  be  necessary  to  obtain 
analgesic  stimulation.  Each  time  Me  tried  a  bl-phaslc  "symmetric" 
wave  the  result  turned  out  to  be  unsatisfactory  (fentanyl  >  O.lmg/h). 

B.  GENERATOR  FOR  ELECTROANESTHESIA. 

!i-9B§C§£iQ9_BCiQ£iBl® • 

The  generator  is  composed  of  (diagram  I)  : 

.  1  H.F.  oscillator  (T '  frequency)  and  a  one-shot  circuit  with  two 
possible  widths  of  impulse  (FI1,  F2). 

.  1  oscillator  with  L.F.  relaxation  and  one-shot  circuit  for  sampling 
of  the  impulses.  Three  frequencies  are  possible  (TA,  TB,  TC),  and 
three  "On"  widths  are  pre-determined  (T^,  Tg,  Tc). 

.  1  source  of  power  and  amplifyer  with  potentiometer  at  the  output. 
.  1  delay  circuit  in  order  to  stop  output  when  Its  level  is  too  high. 

.  1  transformer  for  floating  connection  between  generator  and  patient. 
.  1  peak-to-peak  voltage  detector  with  a  two-digit  display  unit. 

.  1  peak-to-peak  current  detector  with  a  three-digit  display  unit. 


t’puM 


May  unit 
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?i-?i§Bl3¥_2f_iO£§DSiJ¥.5D<Lvgltage. 

The  peak-to-peak  detector  Measures  the  amplitudes  of 
current  and  tension  applied  to  the  patient  and  these  two  values 
can  be  read  permanently  on  the  frontside  of  the  device,  thus 
permitting  to  check  not  only  the  level  of  current  but  whether 
the  contacts  between  skin  and  electrodes  are  correct  too. 

The  efficacious  Intensities  and  voltages  corresponding  to 
the  display  (Tables  II  and  III)  have  been  calculated  according 
to  the  following  mathematical  formulae  : 


lo  ,  (.*>  ,U)  — 


Vfth  tW  mm  mm  of  calcolottai: 


» 
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3.  Patient's  safety  system. 

The  use  of  electrosurgery  units  during  electroanesthesia 
requires  an  excellent  electric  Isolation  of  the  Anesthelec  In 
order  to  avoid  any  risk  of  return  of  the  current  or  skin  bums 
under  the  electrodes  In  the  case  of  a  fault  In  electrosurgery 
units.  An  Isolation  transformer  Is  used  to  supply  power  from 
220  V.  lines,  with  less  than  10  uA  leakage  current  (diagram  II). 


Four  Isolated  outputs  (LFj,  LF2»  LF3,  and  frontal)  are 
available  for  use  from  the  device,  although  only  one  combination 
(LFj  :  frontal)  has  been  utilized.  This  output  Is  blphaslc, 
having  zero  average  current  (eliminating  chemically  Induced 
Irritation  at  the  electrode  sites).  Isolation  of  the  electro- 
anesthesia  leads  eliminates  the  device  as  a  potential  pathway 
for  electrical  current  In  the  case  of  a  fault  In  an  electrosurgery 
unit.  Isolated  outputs  on  the  electrosurgery  units  provide  addit¬ 
ional  protection. 
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The  patient  cable  Is  an  Interlocking  type,  preventing 
accidental  disconnection.  A  visual  alarm  Indicates  loss  of  E.C.G. 
lead  continuity.  In  the  event  that  potentially  unsafe  combin¬ 
ation  of  control  settings  Is  chosen  (l.e.  turning  on/off  switch 
with  the  Intensity  control  set  at  high  level),  a  protection 
circuit  prevents  circuit  operation  and  visually  Indicates  the 
occurence. 

The  device  has  been  duly  controlled  according  to  Internat¬ 
ional  safety  standards  (The  Hague)  by  the  Governmental  Central 
Laboratory  for  Electric  Industries,  and  duly  agreed  for  use  on 
the  human,  under  number  5-AN-76  (Journal  Offlclel  de  la  Rfepubll- 
que  Frangalse,  Nov.  26  and  Dec.  11,  1976). 

4i_DescrlBtf on_of_the_front_gart . 

The  Anesthelec  TAX  01  has  been  simplified  In  order  to 
facilitate  Its  use  (figure  6). 

C.  ELECTRODES. 

No  particular  study  has  been  made  as  regards  the  site  of 
electrodes  because  we  thought  we  could  work  on  what  had  been 
determined  In  previous  research,  l.e.  the  places  of  lesser  elec¬ 
tric  resistance  (hence  the  phrase  Point  Elootroanesthesia) . 

There  are  three  electrodes  :  the  frontal  one  Is  placed 
between  the  eyebrows  and  the  two  posterior  ones  are  placed  behind 
the  mastoTd  process,  on  each  side  of  the  occiput.  The  Intra¬ 
cerebral  electric  field  thus  obtained  spreads  on  each  side  of  the 
median  line,  but  a  great  part  of  the  electric  current  spreads 
over  the  scalp  thus  provoking  peripheral  electrostimulation  (fig. 
7  and  8). 

Owing  to  the  use  of  blphaslc  current  we  are  able  to  employ 
"Patch  ECG"  self  sticking  electrodes  made  of  silver  (active  dlam. 
30mm) 
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figure  6 

a)  A  luminous  push  button  (1)  is  used  to  switch  on  or  off. 

b)  Two  peak-to-peak  detectors  measure  the  amplitudes  of. 
current  and  voltage  applied  to  the  patient.  These  two  numbers 
can  be  read  permanently  on  the  front  face  of  the  apparatus 
(2)  and  (3).  These  visual  checks  permit  to  make  sure  that  the 
contacts  between  skin  and  electrodes  are  correct ,  and  permits 
constant  evaluation  of  the  level  of  current  injected. 

c )  The  potentiometer  (4)  permits  to  check  the  quantity  of 
ourrent  injected. 

d)  Five  luminous  push  buttons  (S)  and  (6)  permit  to  select 
six  different  electric  combinations.  The  duty  cycle  of  the  H.F. 
pulse  train  is  adjustable  by  two-position  switches  (SJ.  FI  posit¬ 
ion  gives  1/4  H.F.  cyclic  ratio  and  F2  gives  1/3  H.F.  cyclic 
ratio.  The  modulating  pulse  train  is  adjustable  in  frequency  and 
duty  cycle  (6).  The  modulating  waveform  is  a  L.F.  pulse  train 
which  gates  the  H.F.  signal  (100%  modulation). 

e)  The  generator  is  connected  to  the  patient  by  means  of 
three  cables  (8).  At  the  end  of  each  is  a  "Patch  ECG"  self 
sticking  electrode  made  of  silver  (active  diam.  30rm). 


D.  CHOICE  OF  INDUCTION  DRUGS/5* 8* 22) 

The  drug  association  used  for  Induction  Is  composed  of  a 
neuroleptic,  a  narcotic,  and  sometimes  an  analgesic,  for  the 
following  reasons  : 

.  Security  :  a  classic  anesthetic  drug  must  be  possible 
at  once  In  case  of  need  ; 

.  Each  parameter  must  be  changeable  at  any  time  (for 
neurovegetatlve  protection,  narcosis,  analgesia)  ; 

.  Suppressing  one  drug  or  the  other  should  permit  to 
determine  the  real  action  of  current. 

During  our  clinical  essays  we  have  been  able  to  determine 
which  drugs  promote  the  action  of  electric  current  In  such  a 
way  that  further  Injections  are  not  necessary,  whatever  the  durat 
Ion  of  surgery  :  the  current  maintains  anesthesia.  Good  results 
have  been  obtained  only  with  the  following  combinations  : 

.  droperldol,  diazepam  or  flunltrazepam 

.  perlmetazlne,  diazepam  or  "  " 

.  dlethazlne,  *  *  " 

.  cyamepromazlne,  "  "  " 

It  looks  as  though  butyrophenone  or  phenothlazlne  derlv- 
ates  were  Indispensable  to  obtain  good  anesthesia. 

As  a  conclusion  to  all  our  clinical  essays  and  all  our 
biological  and  neurological  tests,  we  have  been  In  a  position 
to  establish  a  routine  protocole  for  electroanesthesia  and  to 
demonstrate  the  advantages  of  this  new  technique. 


with  or 
without 
fentanyl 
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E.  GENERAL  PROTOCOLE. (22) 

A.  PREMEDICATION. 

45  minutes  before  the  beginning  of  anesthesia.  Intra¬ 
muscular  Injections  of  :  .  vagolytic  drug  (atropine,  scopola¬ 
mine...) 

.  anxiolytic  drug  (benzodiazepine, 
butyrophenone,  etc.) 

B.  SETTING  OF  ELECTRODES  AND  CURRENT. 

a)  Cleansing  of  skin, 

preparation  of  electrodes  with  the  gel, 
location  of  electrodes  and  setting. 

b)  Application  of  current  : 

Increase  of  Intensity  up  to  300  mA  (30  V.  voltage).  It 
Is  quite  possible  to  apply  current  on  patients  who  are  fully 
conscious  since  the  current  we  use  does  not  provoke  the  slight¬ 
est  sensation  or  contracture.  As  the  maximum  effect  of  the 
current  occurs  within  15  to  20  minutes.  It  Is  applied  prefer¬ 
ably  before  Induction  drugs. 

C.  DRUG  INDUCTION. 

a)  It  Is  still  necessary  to  use  chemical  Induction  on  man  In 
order  to  obtain  optimal  results  from  electroanesthesia.  The  most 
frequently  used  combination  In  France  Is  the  following  : 

.  neuroleptic  (droperldol  10  mg) 

.  hypnotic  (diazepam  15  mg,  or  flunltrazepam  1  mg) 

.  analgesic  (fentanyl  0.1  mg) 

b)  Other  combinations  are  studied  such  as  Gamma  OH  or  steroTdes 
(alfateslne),  propanldlne,  ethomldate,  thiopental  (physiological 
sleep  doses). 


D.  INTUBATION. 

It  Is  performed  with  or  without  myorelaxant,  but  always 
with  anesthesia  of  the  larynx  (the  endotracheal  probe  should 
be  covered  with  an  anesthetic  gel). 

E.  VENTILATION. 

A  50*  mixture  of  N20-02.  It  has  been  reported  that  the 
electric  current  Is  potential^ zed  by  N20. 

F.  MAINTENANCE  OF  ANESTHESIA. 

50*  mixture  of  N20-02  plus  electric  current  (the  para¬ 
meters  are  changed  every  twenty  minute  In  order  to  avoid  habit 
uatlon.  No  further  injection  of  induction  drugs  should  be  made 
apart  from  myorelaxants.  Still,  if  analgesia  turns  out  to  be 

Insufficient  Is  spite  of  -  the  modification  of  the  LF  cyclic 

ratio  (from  A  to  B), 

-  the  increase  of  intensity, 

-  the  modification  of  the  HF  cyclic 
ratio  (from  Fj  to  F2), 

0.1  mg  of  fentanyl  (analgesic)  is  reinjected. 

In  case  the  patient  recovers  consciousness  without  any 
sign  of  pain,  5  mg  of  diazepam  (hypnotic)  are  Injected. 

In  case  the  patient  does  not  receive  any  more  current, 
whatever  the  reason  may  be,  the  analgesic  effect  will  decrease 
within  a  few  minutes  and  surgery  will  not  be  possible  any 
longer,  but  It  will  be  easy  to  carry  it  on  with  a  classical 
technique. 

G.  CLINICAL  MONITORING. 

It  Is  the  same  as  for  any  general  anesthesia,  i.e.  : 

.  clinical  signs  of  waking  up  (eye  or  hand  movements...). 
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.  clinical  signs  of  pain  (grin,  eyebrow  movements,  cutaneous 
vaso-constrlctlon.  Increase  In  arterial  pressure  or  pulse, 
sweating,  tear,  etc.), 

.  control  of  consciousness  (reaction  to  speech,  noise..)* 

.  abnormal  manifestations  (hic-ups,  swallowing,  cough..), 

.  duration  of  possible  apnea,  and  spontaneous  ventilation 
spirometry  during  and  at  the  end  of  anesthesia  If  no  curar- 
Izatlon  was  made, 

.  checking  of  :  central  and  peripheral  temperatures, 
pulse  rate, 

arterial  and  central  venous  pressure, 

.  permanent  EC6  monitoring. 
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RESULTS 


Of  course,  we  would  not  go  as  far  as  saying  that  we  have 
been  doing  miracles,  but  still,  over  10  000  operations  have 
been  performed  with  our  method  In  France,  and  not  a  single  ac¬ 
cident  has  ever  been  reported,  although  this  method  was  applied 
for  various  types  of  surgery  (urological,  abdominal,  general, 
thoracic,  cardiac,  orthopedic,  traumatologic,  ophtal mol ogle,  or 
gynecologic),  and  often  on  patients  presenting  a  pathological 
background  such  as  renal  Insufficiency,  cardlo- vascular  syndromes 
(nyocardlal  Infarction,  total  right  branch  block,  arterial  hyper¬ 
tension),  lower  limb  arteritis,  moderate  chronic  respiratory  In¬ 
sufficiency,  asthma,  dlabetls,  alcoholism,  epilepsy...  Some  of 
them  even  suffered  from  several  associated  syndromes. 


giS£Ii;QBiS£I!v§epyA§§. 


(17,20,22) 


+*  All  patients  have  been  operated  on  as  scheduled.  In  satis¬ 
factory  conditions,  without  any  secondary  effect  such  as  muscle 
contractures  of  trunk,  limbs  or  face,  or  abnormal  bleeding. 


*+  The  use  of  electrocoagulation  did  not  provoke  any  change 
In  wave  trains  or  any  waking  up  of  the  patient  (fig.  9).  But 
the  use  of  electrosurgery  unit  In  a  prolonged  way  Instead  of  by 
short  successive  phases  tended  to  provoke  Interferences  as  well 
as  a  decrease  of  Intensity,  Interfering  with  the  stability  of 
anesthesia. 
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a  Central  temperature  would  pregressively  decrease  during 
electroanesthesia  when  no  heating  device  was  used.  It  could 
go  down  as  low  as  34°  C  if  the  duration  of  surgery  exceeded 
8  hours.  Generally  speaking,  the  temperature  could  decrease 
by  1  to  2°  C  as  compared  with  the  initial  temperature  for  a 
3  h.  anesthesia. 

tt  Operative  spirometry  on  non  curarized  patients  was  normal, 
with  an  average  flow  of  7  liters/min  and  a  frequency  of  15/mi n 
(total  flow  500  ml). 

r*  Cardio-vascular  action  : 

.  Arterial  pressure  fell  slightly  after  induction  drugs 
(10  to  30  mmg  Hg).  But  after  the  use  of  current  and  during 
electroanesthesia,  an  increase  of  arterial  pressure  (systolitic 
and  diastolitic)  of  28  mmg  Hg  (average)  was  observed  on  60% 
patients.  In  the  other  cases,  no  change  of  arterial  pressure 
was  reported.  It  remained  remarkably  stable. 

.  Venous  pressure  underwent  no  noticeable  change. 

vt  Heart  rate  :  an  increase  of  pulse  rate  (12  beats/mi n,  av.) 
was  observed  on  40%  patients  during  E.A.,  but  there  was  no 
arhythmia. 

tt  Abnormal  movements  :  some  were  very  typical  of  E.A.,  such 
as  swallowing  movements,  chewing  of  the  probe,  slight  limb 
movements,  but  there  was  no  sign  of  pain,  i.e.  no  modification 
of  blood  pressure,  no  tears,  etc.  Pupil  myosis  was  noted. 


r 


— JA 


figure  9  -  the  electrocoagulation  wave 
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*♦  The  analgesic  effect  of  current  was  studied  by  coopering  the 
quantities  of  analgesic  drugs  used  on  30  patients  receiving  elec¬ 
tric  current  or  not  (group  I,  EA,  group  II ,  CA).  Both  groups  had 
the  same  Induction  drugs  and  were  submitted  to  the  same  type  of 
surgery  with  the  same  anesthesiologist  (table  IV). 


Population  studied 

• 

Type  of  surgery 

Induction 

GROUP  I 

EA 

n  «  15  M  -  10 

F  -  5 

av.  age  51 
av.  weight  69  kg 

prostatic  adenoma  5 

pyelollthotorny  4 

anti -reflux  uretero¬ 
vesical  Implantation  2 

partial  cystectomy  1 

coral 1 form  calculus  1 

•  silicone  ureteroplasty  1 

nephro-ureterectomy  1 

drop.  20  mg 

dlaz.  20  mg 
phenop.  2  mg 

GROUP  II 

CA 

n  *  15  H  *  9 

F  «  6 

av.  age  53 
av.  weight  70.5  kg 

prostatic  adenoma  6 

pyelollthotomy  3 

anti -reflux  uretero¬ 
vesical  Implantation  4 

nephro-ureterectomy  1 

epldl dymo-def erentl al 

anastomosis  1 

drop.  20  mg 
dlaz.  20  mg 
phenop.  2  mg 

TABLE  IV 


GROUPS  STUDIED 
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Studying  the  quantities  of  drugs  Injected  during  the  course 
of  surgery  In  the  two  groups  (table  V  )  shows  that  : 

Group  I  received  no  further  Injection  of  droperldol  or 
diazepam  and  that  further  Injections  of  pheno- 
perldlne  were  very  light  (3.62  10"5  mg/kg/mn)  ; 

whereas  : 

Group  II  required  further  Injections  of  droperldol  (2.17 
10“3  mg/kg/mn),  of  diazepam  (2.36  10"4  mg/kg/mn), 
and  particularly  of  phenoperldlne  (30.73  10"5mg/kg/mn) . 

The  statistical  comparison  of  phenoperldlne  doses  Injected 
after  Induction  Is  very  significant  (p  <  0.001).  Which  tends  to 
ascertain  the  analgesic  effect  of  electric  current. 


GROUP  I  (EA) 

GROUP  II  (CA) 

Droperldol 

10~3  mg/kg/mn 

0 

2.17 

Diazepam 

10"4  mg/kg/mn 

0 

2.36 

• 

Phenoperldlne 

10" 5  mg/kg/mn 

3.62 

30.73 

p  <  0.001 

Pancuronium 

10”4  mg/kg/mn 

4.83 

4.16 

N.S. 

TABLE  V  -  Quantities  of  drugs  infected  during 

surgery 
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.  Recovery  of  consciousness  :  As  soon  as  the  current  was 
stopped,  ventilation  came  spontaneously  back  to  normal  In  a 
satisfactory  manner,  thus  allowing  extuba tl on.  Within  five 
minutes  the  patients  could  understand  and  execute  orders  (such 
as  "give  me  your  hand"  or  "pull  out  your  tongue")  and  they 
recovered  consciousness  very  quickly,  but  they  remained  In  a 
state  of  Indifference  for  a  period  of  6  to  12  hours  after  their 
return  to  bed,  with  periods  of  sleep  If  not  stimulated.  Most 
of  them  had  a  good  night's  sleep  without  any  hypnotic  drug, 
which  is  rather  exceptional. 

.  Post-operative  antal gy  :  Complaints  of  patients  after 
EA  were  less  frequent  in  our  recovery  room  as  compared  with 
patients  submitted  to  narconeuroleptanalgesia.  Two  groups  of 
100  patients  each  have  been  compared  : 

.  Identical  drug  induction  In  both  groups  :  droperldol 
(20  mg),  diazepam  (20  mg),  phenoperidlne  (2  mg). 

.  Maintenance  In  group  I  (CA)  with  medlcamentous  Inject¬ 
ions,  and  with  electric  current  In  group  II  (EA). 

.  The  study  was  made  during  the  first  sixteen  hours  after 
surgery  (Table  VI). 

.  The  patient  was  to  receive.  15  mg  of  pentazocln  In  case 
of  complaint. 

.  Group  I  (CA)  received  an  average  of  29.7  mg  of  pentazo¬ 
cln  per  head,  whereas  group  II  (EA)  received  8.1  mg  per  head 
(average),  l.e.  3.6  times  less.  The  analysis  of  detailed  results 
in  Table  VI  shows  that  In  group  I  (CA)  only  20*  patients  did 
not  require  any  analgesic  Injection  whereas  they  were  65X  In 
group  II  (EA). 

.  The  difference  between  the  two  groups  Is  statistically 
significant  (p  <  0.001). 

.  Tkie  remaining  and  prolonged  antalgy  ie  perhaps  the  most 
important  advantage  of  the  method . 
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PENTAZOCIN 

Injections 

GROUP  I  (CA) 
n  *  100 

GROUP  II  (EA) 
n  «  100 

none 

20 

65 

One  (15  mg) 

14 

20 

Two  (30  mg) 

28 

11 

Three  (45  mg) 

24 

4 

Four  (60  mg) 

14 

0 

Average  per  head 

(mg) 

29.7 

♦19.88 

8.1 

♦12.69 

TABLE  VI  -  Comparison  of  two  groups  receiving 
pentazoein  during  the  first  16  hours  after  surgery 

.  Post-operative  sepsis.  Two  comparative  groups  composed 
of  patients  submitted  to  urological  surgery  have  been  studied. 

.  In  group  I  (one  hundred  patients  under  narconeurolept¬ 
analgesia)  two  endotoxlc  shocks  (2%)  and  27  skin  abcesses  (27%) 
were  reported  In  the  48  hours  following  surgery,  whereas  In 
group  II  (one  hundred  and  eighty  patients  under  electroanesthe¬ 
sia)  only  seven  skin  abcesses  (3.8%)  were  reported  during  the 
same  48  hours  after  surgery.  Local  Infection  seems  to  be  less 
frequent  after  EA.  In  order  to  explain  this  difference  (statis¬ 
tically  significant  :  p  <  0.001)  one  should  study  chemlotaxlsm 


and  phagocytosis  by  polynuclear  cells  after  EA. 
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.  Central  temperature.  As  mentioned  above,  the  central 
temperature  was  generally  low  during  the  per-operatlve  phase 
at  the  end  of  surgery.  It  came  back  to  normal  within  an  hour 
while  the  patient  was  shivering  Intensely.  In  77%  cases  It 
continued  to  rise  until  39°C,  and  the  average  peak  temperature 
was  1.5°  above  37  (38.5°C),  whereas  In  a  comparative  let  of 
a  hundred  patients  submitted  to  narconeuroleptanalgesla  It  was 
0.8°  (37.8°C) .  This  lead  us  to  conclude  that  the  Intensity  of 
shivers  provokes  a  more  intense  thermic  rise,  which  Is  usually 
Inhibited  by  drugs  In  other  types  of  anesthesia.  The  use  of  a 
heating  mattress  should  be  systematic  during  electroanesthesia 
In  order  to  avoid  cooling  of  the  patient,  causing  the  shivers 
and  thus  causing  an  exaggerated  consumption  of  oxygen  and 
glocuse  during  the  post-operative  period. 

.  Intestinal  transit.  It  came  back  to  normal  fairly  quick¬ 
ly,  and  diuresis  turned  out  to  be  more  satisfactory  than  with  CA. 
Hourly  diuresis  was  measured  during  the  first  sixteen  post¬ 
operative  hours  on  sixty  patients  presenting  no  renal  Insufficiency 
and  not  submitted  to  Induced  polyuria  for  bleeding  of  the  urtnary 
tract.  The  average  total  quantity  of  urine  flow  was  2063  ml 
(129  ml/h)  for  average  perfused  quantities  of  3100  ml  (194ml/h). 

.  The  post-operative  EEG  was  always  normal  and  comparable  to 
the  pre-operative  one.  No  abnormal  sign  appeared.  When  an  EEG 
was  made  shortly  after  surgery,  one  could  sometimes  note  an 
alternate  rhythm  of  wake  and  sleep. 
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CONCLUSION 


Anesthesiology  tries  to  establish  a  fair  balance 
between  the  different  drugs  used  In  order  to  provide  the 
patient  with  sufficient  anesthesia  and  less  Intoxication. 

Still,  the  duration  of  surgery  Is  more  and  more  Important 
(micro-surgery,  cardiac  surgery,  peripheral  neuro-surgery,  etc.) 
and  requires  more  and  more  Important  doses  of  drugs.  The  ba¬ 
lance  between  physical  and  chemical  methods,  permitting  a 
decrease  In  the  use  of  drugs  and  an  equally  good  quality  of 
anesthesia  and  protection  of  the  patient  Is  therefore  a 
rather  attractive  prospect. 

THE  ADVANTAGES  of  electropharmaceutlcal  anesthesia 
were  found  progressively^>I^^^,^2,^3, 14tis,l6)  . 

.  The  method  Is  safe,  as  demonstrated  by  the  absence 
of  Incident,  not  In  the  research  performed  by  our  teams,  but 
by  other  teams  too. 

.  It  Is  quite  easy  to  carry  on  an  operation  with  neuro¬ 
leptanalgesia  In  case  of  failure  of  current  or  generator. 

.There  is  no  per-operative  respiratory  depression  In  the 
absence  of  myorelaxant.  This  permits  to  keep  adequate  spontan¬ 
eous  ventilation  throughout  surgery  and  to  avoid  any  respiratory 
depression  upon  recovery  of  consciousness  (Study  conducted  by 
Professor  Torri,  Milano,  1979). 

.  The  quick  recovery  of  consciousness  gives  the  full 
cooperation  of  the  patient  for  moving,  coughing,  etc.  This  Is 
the  best  way  to  avoid  thrombo-embollsm. 

.  Post  operative  antalgla  Is  such  a  comfort  to  the  patient 
that  those  who  have  been  submitted  to  electroanesthesia  In  the 
past  will  not  want  any  other  anesthetic  method.  This  happened  on 
orthopedic  patients  operated  on  both  legs,  one  after  the  other, 
and  In  a  case  of  second  cesarectomy. 


siasiv 
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.  The  decrease  of  post-operative  Infections  Is  signific¬ 
ant  and  seems  to  us  to  be  the  most  Important  advantage. 

.  The  technique  being  easy  to  apply  on  all  patients, 
even  on  weak  ones,  makes  It  become  more  and  more  popular  (382 
operations  under  electroanesthesia  In  1975,  over  10  000  cases 
In  1979). 

.  The  fact  that  weaker  doses  of  drugs  are  required  makes 
It  especially  recommended  on  patients  suffering  from  renal, 
hepatic  or  respiratory  insufficiency,  and  on  old  people. 

.  Last  but  not  least,  this  method  is  money  saving.  Accord¬ 
ing  to  the  French  School,  It  allows  to  save  46%  neuroleptics, 

70%  narcotics  and  84%  morphinomlmetics. 

THE  DISADVANTAGES  consist  in  : 

a)  A  slight  hypertension  Which  must  be  taken  Into  account.  If 
ever  It  becomes  dangerous  on  certain  patients  it  is  necessary 
to  go  back  to  conventional  narconeuroleptanalgesia  ; 

b)  It  is  difficult  to  use  this  technique  in  neurosurgery  because 
of  the  location  of  the  electrodes. 


To  sum  it  up,  one  can  say  that  electnoanesthesia  is  now 
pant  of  the  vanious  possibilities  at  the  disposal  of  anesthesiol¬ 
ogists.  It  is  especially  necomended  in  majon  sungeny  of  long 
donation  [oven  thnee  houses),  and  with  patients  suffening  fn om 
nenal,  hepatic  on  nespinatony  insufficiency,  on  in  a  state  of 
shock,  on  myastenia,  on  suffening  septicemia  on  acute  inf¬ 
ection.  It  is  not  to  be  necommended  fon  shont  donation  sungeny 
on  on  patients  suffening  fnom  senious  antenial  hypentension 
with  decnease  of  v as  colon  elasticity. 

The  method  is  still  to  be  penfected  because  the  mode  of 
action  of  the  cunnent  is  not  yet  totally  elucidated.  We  hope  to 
gnasp  the  full  undenstanding  of  its  mechanism  by  studying  biolo¬ 
gical  and  neunological  tests  and  by  penfonming  mone  double-blind 
studies. 


+  +  +  + 
+  +  + 
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In  spite  of  all  the  theoretical  advantages  of  electro¬ 
anesthesia,  the  technique  Is  liable  to  be  criticized  and  It  Is 
not  easily  adopted  because  It  Is  not  yet  "pure"  electroanesthesia. 

This  method  requires  the  utilization  of  a  number  of  supple¬ 
ments,  especially  Induction,  which  Is  performed  with  butyrophenone 
(droperidol)  and  benzodiazepine  (diazepam)  compounds,  or  mainte¬ 
nance  of  anesthesia  which  Is  made  with  a  50%  mixture  of  nitrous 
oxide-oxygen. 

Accordingly,  the  use  of  supplements  along  with  electrical 
currents  clouds  the  issue,  and  the  anesthesiologists  rightly  want 
to  know  if  really  the  current  is  necessary  and  what  part  electri¬ 
city  is  playing  in  this  technique. 

From  a  scientific  standpoint,  all  prior  evaluation  of  elec¬ 
troanesthesia,  as  used  on  the  human,  could  be  considered  as  anec¬ 
dotal  and  as  a  metaphysical  curiosity  based  on  the  subjective  inter¬ 
pretation  of  results  by  surgeon-  and  anesthesiologist-searchers. 

In  order  to  avoid  these  criticisms  and  in  order  to  evaluate 
the  real  action  of  current,  it  has  been  decided  together  with  the 
military  site-visit  team  to  initiate  double-blind  studies. 


o  o  o 


All  patients  Involved  in  the  studies  had  given  their  informed 
consent  for  electrical  anesthesia  (EA),  being  fully  aware  of  all 
possible  problems  and  knowing  that  they  might  or  might  not  receive 
EA.  All  regulations  and  procedural  guidance  as  required  for  the 
use  of  humans  in  research  were  stricktly  followed. 

Neither  the  patient,  nor  the  anesthesiologist  or  the  sur¬ 
geon  knew,  at  any  time,  whether  or  not  the  intervention  was  con¬ 
ducted  under  classical  or  electric  anesthesia.  For  this  reason 
the  generator  used  in  the  double-blind  studies  were  equipped 
with  an  additional  switch  positioned  internally,  permitting  de¬ 
livery  or  not  of  the  current.  All  dials  and  indicators  (internal 
circuit)  provided  voltage  and  current  information  in  the  same 
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manner  for  procedures  under  classical  or  electric  anesthesia. 
The  switch  was  In  a  key-position  prior  to  each  Intervention 
according  to  the  code  of  random  drawing  for  each  participant 
so  that  no  one  knew  whether  or  not  current  was  delivered  to 
the  patient. 

ILz  JtlliiyillLEBQIQeQLI  • 

1.  FIXED  ELEMENTS 

.  One  hour  prior  to  Induction,  each  patient  received  : 

.  atropine  0.5  mg 
.  diazepam  10  mg 

.  At  Induction,  each  patient  received  : 

.  droperidol  10  mg 
.  diazepam  15  mg 
.  pancuronium  0.08  mg/kg 

.  Intubation  was  accomplished  with  the  maximum  allowed  dosage 
of  5  ml  xylocaTne  spray. 

.  Artificial  ventilation  was  maintained  with  air  and  oxygene 
only. 

The  generator  was  connected  to  the  patient  by  means  of 
three  cables,  each  one  ended  with  a  self-sticking  electrode 
(30mm  diameter),  one  being  placed  between  the  eyebrows  and 
the  other  two  behind  the  mastoTd  process. 

The  electric  ct;  ent  output  was  150  mA  peak-to-peak  and 
the  total  duration  of  each  high-frequency  (HF)  wave  train  was 
6  yS  (a  positive  1.2  yS  Impulse  was  followed  by  a  negative 
4.8  yS  Impulse). 


life**- 


2.  VARIABLE  ELEMENTS 

The  digital  dial  always  Indicated  the  same  current  In 
every  surgical  Intervention.  However,  In  the  case  of  EA  the 
patient  received  current  whereas  during  classical  anesthesia 
(CA)  the  patient  received  nothing  through  the  electrodes. 

During  surgery  (whether  under  EA  or  under  CA)  If  there 
was  any  sign  of  possible  pain  (tears.  Increase  of  blood  pres¬ 
sure,  movements,  etc.),  the  anesthesiologist  was  meant  to  : 

.  First  change  the  low-frequency  (LF)  cyclic  ratio,  i.e. 

change  A  (3/13  ms)  for  B  (4/12  ms),  or  change  B  for  C  (3/lQms) 
.  Then,  If  the  above  mentioned  procedure  could  not  counter¬ 
act  the  problem  within  two  to  four  minutes,  he  was  to  inject 
0.1  mg  of  fentanyl. 

If,  on  the  other  hand,  the  patient  happened  to  become 
conscious  (responding  to  orders  such  as  opening  or  closing 
his  eyes,  etc.)  without  any  evidence  of  suffering,  he  was  In¬ 
jected  another  5  mg  of  diazepam.  Should  the  surgeon  have  asked 
for  considerable  muscular  relaxation,  a  maximum  of  0.00125  mg/kg 
would  have  been  Injected. 

3.  CLINICAL  COURSE 

Were  constantly  observed  throughout  the  course  of  surgery 
pulse,  arterial  and  venous  pressure,  eye  and  skin  signs,  etc. 

In  addition  to  visual  control,  all  the  usual  electronic  devices 
continually  monitored  heart  beat  as  well  as  central  and  peri¬ 
pheral  temperatures. 


No  Nz0  was  used  In  this  study. 
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(Tables  VII  and  VIII). 

The  study  Involved  fifty  patients  submitted  to  the  same 
surgical  procedure  :  suprapubic  or  retropubic  prostatectomy. 

Twenty  four  patients  were  operated  under  EA  (group  A)  : 
average  age  67.71  +  6.50  ;  average  weight  74.63  kg  +  12.60  kg  ; 
average  procedure  time  151.88  mn  +  44.06  mn. 

Twenty  six  patients  were  operated  under  CA  (group  B)  : 
average  age  70.08  ±8.99  ;  average  weight  70.62  ±  12.36  kg  ; 
average  procedure  time  166.31  mn  ±  46.43  mn. 

Examination  of  table  IX  shows  that  the  two  groups  A  and 
B  are  statistically  matched  from  the  standpoint  of  age,  weight, 
current  duration  and  pain  duration,  from  Incision  to  skin  closure 
(p  >  0.0  5  5C). 


GROUP  A 

EA  n=24 

GROUP  B 

CA  n=26 

P 

for  D  -  48 

AGE 

67.71  ±  6.50 

70.08  ±  8.99 

>  0.05 

WEIGHT  (kg) 

74.63  ±  12.60 

70.62  ±  12.36 

>  0.05 

CURRENT 

DURATION 

(mn) 

151.88  ±  44.06 

166.31  ±  46.43 

>  0.05 

PAIN 

DURATION 

118.75  ±  32.55 

127.50  ±  37.58 

>  0.05 

TABLE  IX  -  STATISTICAL  COMPARISON  OF  THE  2  GROUPS 


The  significance  of  the  difference  between  average  data  of  both 
groups  of  patients  was  analyzed  using  a  pooled  variance  modlflc 
atlon  of  Student's  t  test  and  It  was  expressed  as  "p". 
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TABLE  VIII  -  WITHOUT  ELECTRIC  CURRENT  ( C.A .) 


2._Resu]ts. 

A. _COMPARATIVE_STUDY_OF  THE  QUANTITY_OF  FENTANYL_USED  IN_EACH  GROUP. 

((A))  -  From  start  to  finish  of  EC  (current  duration)  : 

The  comparison  of  the  average  doses  of  fentanyl  Injected  In 
Group  A  (6.07  +  1.74)  and  In  Group  B  (7.89  +  2.40)  shows  a  signif¬ 
icant  difference  (p  <  0.005),  thus  proving  that  electric  current 
Increases  the  effect  of  analgesia.  This  effect  of  electric  current 
permits  to  save  23.07t  fentanyl  as  compared  with  the  reference 
dose  of  Group  B  (CA)  (Table  X  ((A))). 

((B))  -  From  Incision  to  skin  closure  : 

During  this  double-blind  study,  the  amount  of  droperidol 
as  well  as  that  of  diazepam  were  "fixed  elements”  regardless  of 
the  weight  of  the  patient.  However,  In  18  cases  (7  EA  and  11  CA), 
the  Induction  drugs  were  Insufficient  to  obtain  the  stage  of 
surgical  anesthesia  and  fentanyl  Injections  were  necessary  prior 
to  Incision  because  these  patients  were  moving  even  during  the 
preparation  of  the  skin  and  the  Intubation,  in  spite  of  pancur¬ 
onium  Injections  (0.08  mg/kg). 

Therefore,  It  seemed  worth  comparing  the  doses  of  anal¬ 
gesics  serving  as  reference  criterion  In  the  study  In  order  to 
evaluate  the  Influence  of  electric  current  from  the  time  of 
Incision  to  that  of  closure  of  the  skin,  l.e.  during  the  period 
of  surgical  pain. 

The  comparison  of  the  doses  of  fentanyl  Injected  In  Group 
A  during  this  period  ((B))  (7.69  +  2.04)  and  In  Group  B  (10.25  ± 
2.82)  shows  an  even  more  significant  difference  than  during  period 
((A))  (p  «  0.003).  Here  again,  analgesia  Is  Increased  by  electric 
current,  permitting  to  save  24.9 8*  fentanyl  as  compared  with  the 
reference  dose  In  Group  B  (CA)  (Table  x  ((B))). 


TABLE  X  ~  average  doses  of  fentanyl  and  comparison 

of  the  tuo  groups 


B. .ABNORMAL  SIGNS. 

In  spite  of  the  difficulty  of  this  study,  all  operatory 
procedures  were  conducted  satisfactorily.  No  deterioration 
effects  were  ever  reported,  but  abnormal  signs  sometimes  occur¬ 
red  (Table  XI). 

- a - j - ca - 


Tears 


Increase  of  arterial  pressure  7  cases  (29%)  18  cases  (69%) 


nc.  or  peripheral  pulse  i  cases  (i«)  8  cases 


nc.  or  cardiac  frequency  b  cases  («%)  17  cases 


Abnormal  impulses  16  cases  (67%)  21  cases  (81%) 


TABLE  XI 


Except  in  case  n°  6  of  Group  B  (CA)  where  the  patient  had 
received  a  heavy  dose  of  fentanyl  (15.20  x  10"5  mg/kg/mn),  the 
•wakening  was  quite  rapid  In  both  groups,  but  some  were  slow  In 
answering  simple  commands  :  One  (4%)  In  Group  A  (EA)  and  three 
(11%)  In  Group  B  (CA).  And  some  of  them  were  not  completely  co¬ 
herent  In  expressing  themselves  :  four  (16%)  In  Group  A  and 
sixteen  (61%)  In  Group  B. 
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3. .Discussion. 

§) -Anesthetic  grotocole. 

The  anesthetic  protocole  imposed  by  the  site-visit 
team  Included  a  certain  number  of  parameters  invariable,  es¬ 
pecially  the  very  precise  quantities  of  drugs  for  induction 
and  maintenance  of  anesthesia.  From  the  scientific  viewpoint, 
this  is  excellent  in  order  to  evaluate  one  single  parameter, 
but  it  caused  numerous  difficulties  to  the  anesthesiologist. 

For  Indeed  since  the  anesthesiologist  never  knew  whether  or 
not  there  was  electric  current,  he  had  to  change  the  LF  cyclic 
ratio  when  it  appeared  that  the  patient  might  be  suffering, 
and  he  had  to  wait  for  a  minimum  of  one  minute  (maximum  3  mn) 
before  injecting  0.1  mg  fentanyl.  One  must  realize  that  when 
current  was  not  actually  employed  the  patient  had  to  remain 
one  to  three  minutes  without  any  medication  when  fentanyl  was 
necessary.  Consequently,  this  most  possibly  explains  the  fact 
that  the  analysis  of  the  patients'  anesthetia  sheets  showed 
more  abnormal  signs  with  patients  of  Group  B  (CA)  (Table  XI). 
Furthermore,  it  is  an  evidence  of  the  efficaciousness  of  the 
current. 

An  alteration  to  the  above-mentioned  protocole  was 
deemed  absolutely  necessary  :  if  a  patient  appeared  to  be 
conscious  without  any  sign  of  pain  we  decided  to  allow  a  5mg 
dose  of  diazepam  In  order  to  prevent  any  recollection  of  the 
operation.  (The  site  visit  team  had  of  course  allowed  variations 
In  the  protocole  In  case  of  absolute  necessity).  So,  8  patients 
In  the  EA  group  (24  patients)  required  additional  diazepam,  and 
12  did  in  the  CA  group  composed  of  26  patients  (tables  VII  and  VIII). 


Owing  to  these  reinjections,  the  question  was  :  were  the 
two  groups  still  comparable  as  regard  the  Initial  dose  of  diaz¬ 
epam  (according  to  the  patient's  weight  and  duration  of  surgery), 
as  well  as  to  the  doses  Injected  during  surgery.  And  the  statis¬ 
tical  comparison  of  both  groups  concerning  Injections  and  re¬ 
injections  of  diazepam  turned  out  to  be  not  significant  (p  >  0.05) 
(table  XII). 


TABLE  XII  -  Diazepam  injections  and  further  injections , 

comparison  of  the  two  groups 

Diazepam  reinjections  can  be  considered  as  a  "fixed  element” 
which  does  not  modify  the  imposed  anesthetic  protocole.  The  decrease 
of  fentanyl  injections  remains  therefore  an  excellent  criterion 
permitting  to  evaluate  the  analgesic  efficaciousness  of  both 
current  and  nitrous  oxide. 

b)_The_anesthes1olggists. 

The  analysis  of  average  fentanyl  doses  used  by  our  two 
anesthesiologists  (Tablexill)showed  that  one  of  them  tended  to 
give  more  fentanyl  In  both  groups  of  patients  :  In  group  A  (EA), 

R.  Coeytaux  gives  0.81  (ID’5)  mg/kg/mn  more  than  A.  Atlnault. 
and  he  gives  1.05  (10“5)  mg/kg/mn  more  in  group  B  (CA).  If  there 


1$  a  significant  difference  between  the  two  anesthesiolo¬ 
gists'  behaviour,  our  study  should  be  considered  as  wrong 
because  the  results  could  not  be  statistically  compared. 
Still,  the  difference  of  doses  used  by  each  of  them  Is  not 
significant  (p  >  0.05),  (Table  XIV). 


10  3  mg/kg/min. 
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21 

9.25 

12 

4.96 

18 

31 

6.43 

14 

4.71 

19 

32 

4.70 

15 

6.34 

20 

34 

7.85 

27 

8.75 

23 

37 

6.84 

29 

6.63 

25 

38 

5.94 

43 

9.88 

30 

39 

9.83 

44 

9.27 

33 

831 

5.81 

45 

9.05 

35 

42 

5.05 

47 

6.09 

36 

49 

8.81 

41 

7.36  13 


+2.22 


6.99 


7.14 


15.20 


10.57 


7.70 


9.80 


8.79 


5.71 


9.70 


6.97 


5.50 


7.81 


7.48 


8.41 


♦1.79  +1.76 


*  A  .A.  »  Dr.  Alain  ATINAULT,  M.D. 

R.C.  -  Dr.  Raymond  COEYTAUX,  M.D. 

The  sum  of  patients  equals  49  because  one  case 
(n°22)  was  conducted  by  another  anesthesiologist 
due  to  Illness. 


TABLE  XIII  -  Injections  of  fentanyl  in  each  group  by  the 

two  anesthesiologists 
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GROUP  A 

EA  n*24 

GROUP  B 

CA  n«26 

t' 

P‘ 

*EA/CA 

D 

5.64  ±  1.79 

n  =  11 

7.36  ±  2.22 

n  =  13 

2.02 

m 

77% 

D 

6.45  ±  1.76 

n  *  12 

8.41  ±  2.54 

n  =  13 

2.22 

m 

77% 

m 

1.09 

1.12 

m 

>  0.05 

0  *  21 

>  0.05 

D  *  24 

TABLE  XIV  -  Average  doses  of  fentanyl  (10  Smg/kg/mn)  used 

in  both  groups  according  to  the  anesthesiologist 

Yet,  the  results  obtained  in  both  groups  A  and  B  by 
each  anesthesiologist  show  a  significant  difference  between 
EA  and  CA  (p‘  *  0.05  for  A.  Atinault  and  p’  <  0.05  for  R. 
Coeytaux),  and  an  identical  decrease  of  fentanyl  (23%)  when 
current  is  used. 

CONCLUSION  CONCERNING  THIS  FIRST  DOUBLE-BUND  STUDY  :  The 
results  are  considered  to  be  most  encouraging.  Of  course, 
we  still  have  to  decrease  the  quantities  of  diazepam  and 
of  fentanyl,  but  a  first  step  has  been  made  and  it  Is  now 
possible  to  make  an  objective  evaluation  of  electrical 
analgesia  by  never  using  any  NgO  and  by  comparing  the  quanti¬ 
ties  of  fentanyl  Injected  In  the  EA  group  and  In  the  CA  group. 


(N2°  and/°r  electric  current). 


In  order  to  obtain  more  significant  results  we  divided  the  patients 
into  four  different  groups  : 

GROUP  I  -  No  electric  current  and  no  NgO  (0.0.) 

GROUP  II  -  Use  of  electric  current  but  no  NgO  (E.O.) 

GROUP  III  -  No  electric  current  but  use  of  NgO  (O.N.) 

GROUP  IV  -  Use  of  electric  current  and  of  NgO  (E.N.) 

li_Pogylatign_s tudled 

The  study  involved  37  patients  submitted  to  the  same  surgical 
procedure  :  1 ithiasis . 

GROUP  I  (0.0.)  :  Nine  patients  -  average  age  38.89  +  9.53  ; 

average  weight  64.44  +  11.33  kg  ;  average 
procedure  time  217.78  +  105.57  minutes. 

GROUP  II  (E.O.)  Six  patients  -  average  age  41  +  11.98  ; 

average  weight  67.17  +  12.17  kg  ;  average 
procedure  time  218.33  +  89.14  minutes. 

GROUP  III  (O.N.)  Ten  patients  -  average  age  36.6  +  13.53  ; 

average  weight  57.20  +  6.86  kg  ;  average 
procedure  time  213.5  +  71.69  minutes. 

GROUP  IV  (E.N.)  Eight  patients  -  average  age  42.5  +  8.78  ; 

average  weight  66.13  +  12.92  kg  ;  average 
procedure  time  196.87  +  52.64  minutes. 

Four  patients  could  not  be  Included  In  the  study  owing  to  an 
Inadequate  protocole  used  by  the  anesthesiologist. 
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Table  XV  shows  that  the  four  groups  of  patients  are  statistic 
ally  matched  from  the  standpoint  of  age,  weight,  procedure  time. 


GROUP  I 

0.0.  n  *  9 

GROUP  II 
E.O.  n  *  6 

GROUP  III  GROUP  IV 

O.N.  n=10  E.N.  n  *  8 

AGE 

38.89+  9.53 

41  +11.98 

36.6  +13.53 

42.5  +  8.78 

MEIGHT(kg) 

64.44+  11.33 

67.17+12.17 

57.20+  6.86 

66.13+12.92 

Durat.  (mn.) 

217.78+105.57 

218.33+89.14 

213.5  +71.69 

196.87+52.64 

for  0*13  p  >  0.05 

for  0  *  17  p  >  0.05 
for  D  *  15 


p  >0.05 


TABLE  XV  -  STATISTICAL  COMPARISON  OF  THE  FOUR  GROUPS 


Groups  II,  III  and  IV  are  not  significantly  different  from 
group  I,  therefore,  the  four  groups  can  be  considered  as  compar¬ 
able  and  results  are  worth  studying. 


'!prr 


TABLE  XVI  -  Croup  I  (0.0.) ,  no  tltctria  eurrtnt  and  no  II g0 


<fa  Jo  oon 


Grmq?  If  (E.K.)t  uat  of  alaotric 
and  WJO 


g.JtesuHs  (tables  XVI,  XVII,  XVIII,  XIX). 


COMPARATIVE  STUDY  OF_THE_QUANTITIES  OF_DBUGS_INJ£CIEQ  : 

A.IN  GROUPS, I. AND .1 I 

The  comparison  of  the  average  doses  of  the  four  drugs  In 
jected  does  not  show  any  significant  difference  (N.S.)  for 
D  «  13  (p  >  0.05). (table  XX) 


GROUP  I 

0.0.  n  ■  9 

GROUP  II 

E.0.  n  *  6 

t 

Pancuronium 

6.91  +  1.66 

7.28  ±  2.07 

a 

Oroperidol 

11.10  +  3.71 

11.48  +  4.46 

HBi 

Diazepam 

2.85  +  1.24 

2.30  +  0.79 

Fentanyl 

4.59  +  1.29 

3.92  +  0.91 

1.10 

TABLE  XX  -  Average  doaee  of  the  four  drugs 
infected  in  groups  I  and  II 


One  can  therefore  consider  that  the  analgesic  effect  of 
electric  current  does  not  show. 

B.  IN  GROUPS _I_AND_II_I  (table  XXI) 

The  difference  Is  not  significant  between  these  groups  as 
far  as  pancuronium  and  droperldol  are  concerned  (p  >  0.05), 
whereas  It  Is  for  diazepam  (p  <  0.02)  and  fentanyl  (p  <  0.01). 


51 


GROUP  I 
0.0.  n»9 

GROUP  III 
O.N.  n-10 

t 

9 

for  D»17 

EH 

Pane. 

6.91+1.66 

6.34+1.42 

EE 

Drop. 

11.10+3.71 

10.36+3.35 

m 

>  0.05 

wm 

Diaz. 

2.85+1.24 

1.65+0.62 

2.70 

<  0.02 

57.89  % 

Fent. 

4.59+1.29 

3.05+0.87 

m 

HI 

66.44  % 

TABLE  XXI  -  average  doses  of  the  four  drugs 
infected  in  groups  I  and  III 

The  Influence  of  N20  shows  In  group  III  :  there  Is  a  decrease 
of  42.11  %  for  diazepam  and  33.56  %  for  fentanyl  as  compared  with 
group  I  (reference  group).  One  can  say  that  NgO  has  a  narcotic  and 
analgesic  effect. 

C.  .IN  GROUPS  .1  .AND  .IV 

As  above,  the  comparison  of  the  average  doses  of  drugs  In  each 
group  does  not  show  any  significant  difference  as  regards  pancur¬ 
onium  and  droperldol  (p  >  0.05),  whereas  the  difference  Is  signif¬ 
icant  for  diazepam  and  fentanyl  (p  <  0.01).  (Table  XXII). 
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GROUP  I 

0.0.  n*9 

GROUP  IV 
E.N.  n-8 

t 

for 

P  . 
D*15 

E-"-'o.o. 

Pane. 

6.91+1.66 

6.03+1.03 

1.29 

> 

0.05 

N.S. 

Drop. 

11.10+3.71 

10.78+2.33 

0.21 

> 

0.05 

N.S. 

Diaz. 

2.85+1.24 

1.45+0.30 

3.09 

< 

0.01 

50.87  t 

Fent. 

4.59+1.29 

2.63+1.13 

3.31 

< 

0.01 

57.29  l 

TABLE  XXII  -  average  doses  of  the  four  drugs 
injected  in  groups  I  and  IV 


Here  again,  the  Influence  of  NgO  shows  :  there  Is  a  decrease 
of  49.13  %  of  diazepam  and  42.71  %  of  fentanyl  as  compared  with 
group  I  (reference  group). 

D. IN  GROUPS, I I  AND  III 

There  Is  no  significant  difference  between  the  average  doses 
of  the  four  drugs  Injected  In  each  group  (p  >  0.05  for  D  «  14) 
(table  XXIII). 

E. _IN  GROUPS_III_AND_IV 

As  above,  no  significant  difference  shows  between  the  average 
doses  of  the  four  drugs  Injected  In  each  group  (p  >  0.05  for  D>16) 
(see  table  XXIV). 


Pancuronium 

Droperldol 

Diazepam 

Fentanyl 


GROUP  II 

E.O.  n  ■  6 

GROUP  III 

O.N.  n  -  10 

t 

7.28  +  2.07 

6.34  +  1.42 
•• 

1.08 

11.48  +  4.46 

10.36  +  3.35 

m 

2.30  +  0.79 

1.65  +  0.62 

1.83 

3.92  +  0.91 

3.05  +  0.87 

sm 

1.90 

TABLE  XXIII  -  Average  doses  of  the  four  drugs 
injected  in  groups  II  and  III 


GROUP  III 
O.N.  n  -  10 

GROUP  IV 

E.N.  n  -  8 

t 

Pancuronium 

6.34  +  1.42 

6.03  +  1.03 
* 

m 

Droperldol 

10.36  +  3.35 

10.78  +  2.33 

El 

Diazepam 

1.65  ±  0.62 

1.45  -i-  0.30 
«• 

5 

Fentanyl 

3.05  i  0.87 

2.63  +  1.13 

0.90 

TABLE  XXIV  -  Average  doses  of  the  four  drugs 
injected  in  groups  III  and  IV 


F.  IN  GROUPS  II  AND  IV 


The  comparison  of  average  doses  of  the  four  drugs  Injected 
In  each  group  does  not  show  any  significant  difference  for 
pancuronium  and  droperldol  (p  >  0.05).  But  the  difference  is 
significant  as  far  as  diazepam  (p  <  0.02)  and  fentanyl  (p  <  0.05) 
are  concerned. 


GROUP  II 
EJ0.  n*6 

GROUP  IV 
E.N.  n-8 

D 

P 

for  D»12 

j^Qjj 

Pane. 

7.28+2.07 

6.03+1.03 

m 

BD 

Drop. 

11.48+4.46 

10.78+2.33 

m 

BS 

Diaz. 

2.30+0.79 

2.45+0.30 

2.82 

n 

n 

Fent. 

3.92+0.91 

2.63+1.13 

2.29 

nsa 

67.91  * 

TABLE  XXV  -  Average  doeea  of  the  four  drugs 
injected  in  groups  II  and  IV 


Here  again,  one  can  see  the  Influence  of  NgO  In  group  IV  : 
there  Is  a  36.96*  decrease  In  diazepam  and  a  32.09*  decrease 
In  fentanyl  as  compared  with  group  II. 

DISCUSSION. 

These  various  results  are  gathered  together  In  the  compar¬ 
ative  diagram  next  page,  (diagram  III). 
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The  analysis  of  this  diagram  shows  that  : 

♦  Mien  comparing  the  results  of  groups  I  and  IV  (box  n°  1) 
one  can  see  that  NgO  allows  a  significant  decrease  of  diazepam 
and  fentanyl,  and  there  seems  to  be  a  slight  Influence  of  the 
current  since  the  C  series  shows  a  decrease,  as  compared  with 
the  8  series,  of  7.022  diazepam  and9.162  fentanyl. 

♦  But  Mien  comparing  the  results  of  groups  III  and  IV  (box  2) 
one  can  see  that  the  current  does  not  seem  to  Improve  the  anal¬ 
gesic  results  and  does  not  potentlallze  the  effects  of  NgO  since 
the  differences  In  the  Injected  doses  are  not  significant  (N.S.). 
On  the  other  hand,  the  results  of  groups  II  and  IV  (box  3)  shows 
that  NgO  plays  an  Important  part  since,  here  again,  there  Is  a 
decrease  of  36.962  of  diazepam  and  32.092  of  fentanyl  as  compared 
with  group  II  (use  of  current  with  no  NgO). 

Such  disappointing  results  call  for  a  thorough  Investigation. 
For  Indeed  the  results  obtained  In  this  second  study  (groups  I  and 
II)  are  In  contradiction  with  those  obtained  during  the  first 
study  where  a  decrease  of  232  fentanyl  was  obtained. 

The  first  remark  Is  that  the  number  of  patients  In  the  second 
study  Is  too  low  (6  cases  In  group  II)  to  allow  conclusions. 

The  second  remark  Is  that  although  the  type  of  surgery  In  the 
second  study  (lithlasls)  is  of  longer  duration.  It  is  less  pain¬ 
full  than  that  of  the  first  study  (prostatic  adenoma),  therefore 
It  requires  less  analgesics. 
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If  the  use  of  low  quantities  of  diazepam  (2.85  +  1.24) 
and  fentanyl  (4.59  +  1.29)  In  group  I  of  the  second  study 
as  compared  with  group  B  of  the  first  study  (Diaz.  4.13  + 

5.96,  fent.  7.89  +  2.40)  is  sufficient  to  obtain  good  anes¬ 
thesia,  It  Is  nevertheless  difficult  to  evaluate  the  analgesic 
results  when  the  operations  are  of  long  duration  but  not  very 
painful . 

Anyway,  only  what  is  comparable  can  be  compared,  and  it  so 
happens  that  the  patients  of  the  first  study  are  quite  different 
from  those  of  the  second  study.  Still,  we  must  keep  in  mind  that 
the  use  of  NgO  in  groups  III  and  IV  gave  positive  results. 

We  then  compared  the  "behaviour"  of  our  three  anesthesiol¬ 
ogists  during  this  second  study.  The  analysis  of  average  fent¬ 
anyl  and  diazepam  doses  they  used  turned  out  to  be  not  significant 
(p  >  0.05) (tables  XXVI  and  XXVII). 


A.  ATINAULT 

3.89  +  1.07 

t  =  0.75 

J.B.  CAZALAA 

3.34  +  0.98 

—J 

>- 

A.  ATINAULT 

3.89  +  1.07 

t  »  0.77 

£ 

R.  COEYTAUX 

3.38  +  0.76 

u_ 

J.B.  CAZALAA 

3.34  +  0.98 

t  ®  0.06 

R.  COEYTAUX 

3.38  +  0.76 

m 

A.  ATINAULT 

2.23  +  0.57 

t  -  1.59 

O.B.  CAZALAA 

1.67  +  0.41 

1 

Ul 

A.  ATINAULT 

2.23  +  0.57 

R 

< 

R.  COEYTAUX 

2.23  +  0.94 

J.B.  CAZALAA 

1.67  +  0.41 

tm 

t  -  1.08 

R.  COEYTAUX 

2.23  +  0.94 

TABLE  XXVII  -  Quantities  of  fentanyl  and  diazepam  used  by  each 

aneetheeiologiet 


As  a  conclusion  we  were  forced  to  admit  that  the  results 
obtained  with  electric  current  were  bad.  Until  we  found  the 
reason  of  this  failure  : 

When  the  study  was  over,  the  generator  was  checked  on  a 
cathodic  oscilloscope  with  the  P  6021  Tektronix  probe,  and  It  was 
found  that  the  current  used  throughout  this  double-blind  study 
was  not  the  one  described  and  used  In  our  previous  work.  The 
generator  was  delivering  H.F.  current  of  triangular  shape  Instead 
of  exponential  (fig  10,11).  We  have  always  stressed  the  fact  that 
the  shape  of  waves  and  the  cyclic  ratios  are  of  utmost  Importance 
to  analgesia.  Since  the  study  was  double-blind,  we  had  no  means 
to  check  if  the  L.F.  cyclic  ratios  were  In  conformity  with  the 
selection  (fig. 12). 


Still,  this  study  was  useful  In  the  way  that  it  permitted 
to  demonstrate  the  Importance  of  the  part  played  by  electric 
current  In  anesthesia. 


figure  10 


ill. 


figure  11  -  the  H.F.  wavef 

t  •  4.3  J* —  4  . 

i 

'orms  are  bad 

1 

illK 

i 

fa 

figure  12 


The  programmed  LF  ay  olio  ratio  was 
t  -  4mS  s  T  -  10  mS 
but  the  generator  delivered: 

t  - 4.3  and  T  -  10.7 
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CONCLUSION  CONCERNING  THE  SECOND  DOUBLE-BLIND  STUDY,  :  Me  would 
not  want  to  draw  hasty  conclusions*  but  two  remarks  can  be  made. 
One  is  that  it  is  indeed  difficult,  if  not  Impossible,  to  perform 
a  real  double-blind  study  with  so  many  variable  elements  and 
subjective  criteria  of  evaluation.  The  other  one  is  that  the 
patients  are  very  reluctant  to  give  their  consent  for  a  study 
during  which  they  might  feel  pain  when  they  are  supposed  to  be 
"submitted  to  surgery  in  the  best  conditions". 

We  might  add  that  although  they  pretent  to  be  objective 
these  studies  are  actually  rather  subjective  because  surgeons 
as  well  as  anesthesiologists  fear  something  might  go  wrong  and 
they  tend  to  inject  drugs  in  quantities  which  are  not  always 
necessary. 


I  -  DISTRIBUTION  OF  CURRENT  ON  THE  SCALP. 


It  must  be  borne  In  mind  that  the  patients  do  not  always 
give  their  consent  to  the  principle  of  double-blind  study  and 
we  cannot  work  on  as  many  cases  as  we  would  like  to.  Still* 
most  patients  accept  electroanesthesia  and  biological  tests 
and  this  si  why,  when  we  are  not  allowed  to  do  the  double¬ 
blind  study  we  study  other  flleds  connected  with  our  research, 
especially  the  distribution  of  current  on  the  scalp  with  the 
Tecktronlx  P  6006  probe. 

We  have  been  able  to  locate  a  point  Zero  and  a  line  where 
the  current  Is  reversed.  In  order  to  have  accurate  references, 
we  used  those  used  for  E.E.6.  electrodes  (fig. 13  ).  Point  0  Is 
next  to  point  22  and  the  reversal  line  goes  from  the  left  retro 
mastoldlan  to  the  right  retro-mastoidlan  electrode.  The  ampli¬ 
tude  of  the  waveform  decreases  progressively  on  the  median  line 
between  the  frontal  electrode  and  point  0. 

Now  that  this  point  0  is  known,  we  should  be  able  to  eli¬ 
minate  Interferences  provoked  by  the  current  on  the  E.E.6. 
recordings.  We  want  to  obtain  continuous  information  about  the 
cerebral  electrical .activity  In  the  course  of  electroanesthesia 
and  for  this  reason,  we  have  been  trying  these  last  six  months 
to  record  E.E.G.  with  an  apparatus  which  Includes  a  small  fast 
computer  capable  of  calculating  the  Fourier  transform.  The 
great  advantage  of  this  Berg-Fourler  Analyzer  Is  Its  capacity 
of  slnthetizlng  E.E.G.  signals.  With  this  device  many  hours  of 
E.E.G.  activity  are  compressed  Into  a  pictorial  and  synoptic 
representation  showing  In  real  time  the  distribution  of  frequen¬ 
cies  as  well  as  the  Intensity  of  total  electrical  activity 
(flj.14). 
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II  -  THE  EFFECT  OF  CURRENT  :  A  COMPARATIVE  STUDY. 


Eighteen  patients  were  divided  Into  two  groups  before 
being  submitted  to  urological  surgery.  They  were  anesthetized 
by  the  same  anesthesiologist  according  to  the  following 
protocole  : 

^QS5£!!S£i£.fiC9£2£2l§ 

.  45  minutes  prior  to  Induction*  each  patient  received  : 

-  atropine  0.5  mg 

-  diazepam  10  mg 

-  dlpotasslc  chlorazepate  100  mg 

.  The  Induction  was  composed  of  : 

-  dlethazlne  ^  250  mg  I.V. 

-  diazepam  10  to  40  mg  I.V. 

.  Intubation  was  accomplished  with  : 

-  xylocaTne  spray 

.  Artificial  ventilation  was  maintained  with  : 

-  50%  mixture  of  NgO-Og 

.  Anesthesia  was  maintained  with  : 

-  50%  mixture  of  NgO-Og 

•  plus  :  either  electric  current  and  diazepam  If  the 
patient  gave  signs  of  consciousness  (opening 
of  the  eyes,  mastication,  etc...)  GROUP  I  ; 
or  diazepam  without  electric  current.  GROUP  II. 


(1)  drug  used  to  cure  Parkinsonian  disease. 


In  10  mg/kg/mn 
•4 

In  10  mg/kg/mn 

XXVIII  -  Maintenance  of  anesthesia  with  electric  current ,  diazepam 


In  10'3  mg/kg/mn 
In  10’4  mg/kg/mn 

TABLE  XXIX  -  Maintenance  of  aneetheeia  with  diatepam  and 


Neither  dlethazlne  nor  fentanyl  were  to  be  Injected  In 
the  course  of  surgery  In  either  group.  Only  diazepam  Injections 
were  allowed. 

The  electrical  parameters  used  In  Group  I  were  those 
already  described. 

£geyl*ti3L§ty4i§4  (tables  XXVIII  and  XXIX). 

Nine  patients  were  operated  with  electric  current  and 
diazepam  (Group  I)  :  average  age  55.67  +  21.65  ;  average 
weight  68.33  +  12.85  kg  ;  average  procedure  time  167.78  + 

42.36  mn. 

Nine  patients  were  operated  with  diazepam  only  (Group  II) 
average  age  45.67  +  17.51  ;  average  weight  74  +  4.72  kg  ;  aver¬ 
age  procedure  time  144.44  +  32.06  mn. 


Examination  of  table  XXX  shows  that  the  two  groups  I  and 
II  are  statistically  matched  from  the  standpoint  of  age,  weight 
procedure  time  (p  >  0.05). 


GROUP  I  GROUP  II  t  p 

n  ■  9  n  ■  9  2.12  for  0  »  16 


55.67  +  21.65  45.67  +  17.51 


68.33  +  12.85 


W7.78  ♦  42.36  144  ♦  32. 

(mn) 


>  0.05  N.S. 


XXX  -  Statistical  oonparioon  of  both  grox^po 


RESULTS  (tables  XXVIII  and  XXIX). 


Although  Me  Mere  not  alloMed  to  use  fentany1»  especially  In 
group  II  («rithout  electric  current),  the  surgeons'  cooperation 
as  Mell  as  the  Injections  of  diazepam  permitted  surgery  Mlthout 
too  many  problems  (such  as  Increase  In  blood  pressure,  sueatlng, 
etc.),  but  this  protocole  Is  definitely  not  recommended  Mhen 
one  Mants  to  obtain  excellent  anesthesia. 

The  average  doses  of  diazepam  Injected  In  group  I  (0.73  * 
0.64  mg/kg/mn)  and  In  group  II  (6.49  +  3.40  mg/kg/mn)  are  signi¬ 
ficantly  different,  Mhlch  demonstrates  the  efficaciousness  of 
electric  current  to  produce  anesthesia. 


This  effect  of  electric  current  permits  to  save  88.75X 
of  diazepam  as  compared  Mlth  the  reference  dose  of  group  II 
(table  XXXI). 


GROUP  I 
n  ■  9 

GROUP  II 
n  *  9 

t 

2.12 

P 

for  D-16 

i'n 

0.73  +  0.64 

6.49  +  3.40 

5.00 

mm 

11.25* 

TABLE  XXXI  -  Average  doeee  of  diauepam  (10“Smg/kg/mn) 
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DISCUSSION 


The  results  obtained  with  electric  current  are  very  promising 
and  rather  good  as  compared  with  those  obtained  In  the  second 
double-blind  study.  Such  good  results  suggest  that  the  type  of 
surgery  of  group  I  might  be  less  painful  than  that  of  group  II. 

But  the  comparative  analysis  of  the  two  types  of  surgery  does  not 
reveal  any  great  difference.  Furthermore*  case  5  of  group  I  (E.C.) 
submitted  to  gastrectomy  ♦  sygmoidectomy  +  prostatic  adenomectomy 
underwent  a  particularly  painful  and  long  operation. 

It  is  reminded  that  the  anesthetic  protocole  Included  two 
variable  parameters  :  the  quantities  of  diazepam  before  surgery 
and  the  quantities  of  pancuronium  during  surgery.  Still*  the  anal¬ 
ysis  of  table  XXXII  show: no  significant  difference  as  regards 

-4 

the  mg/kg  quantities  of  diazepam  and  the  10  mg/kg/min  quantities 
of  pancuronium.  Therefore,  the  comparative  study  of  diazepam 
quantities  during  surgery  Is  correct  and  the  results  are  very 
significant,  all  the  more  so  since  no  analgesic  is  used  in  this 
study. 


MU 

Group  II 

n=9 

t 

2.12 

P 

for  D  ■  16 

Diazepam 

mg/kg 

0.42  +  0.17 

0.34  +  0.08 

m 

>  0.05  N.S. 

Pancuro. 

10"4mg/kg/mn 

5.94  +  1.49 

6.60  +  1.51 

m 

0.93 

TABLE  XXXII  -  Quantities  of  diazepam  before  surgery 
and  of  pancuronium  during  surgery 


CONCLUSION  of  the  comparative  study. 

This  study  confirms  the  real  action  of  a  type  of  current 
with  very  specific  characteristics*  especially  the  particular 
form  of  Its  H.F.  waves. 

The  effects  of  this  current  permit  a  decrease  In  the 
quantities  of  drugs  Injected,  which  Is  of  utmost  Importance 
In  case  of  major  surgery  of  long  duration  on  patients  suffering 
from  antecedent  syndromes  (renal,  chronic,  respiratory  Insuffi¬ 
ciencies,  etc.) 
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GENERAL 

CONCLUSION 


These  last  five  years  devoted  to  the  study  of  electroanesthesia 
turned  out  to  be  most  fruitful,  although  we  are  not  yet  in  a  position 
to  clearly  define  the  mode  of  action  of  electric  current.  We  are  deeply 
convinced  that  even  more  efficacious  waveforms  can  be  found  so  that  one 
day  drugs  can  be  totally  eliminated  in  the  anesthetic  process. 

It  Is  our  wish  that  cooperation  with  the  United  States  continues 
until  the  goal  Is  reached  because  there  Is  no  doubt  that  such  a  coopera¬ 
tion  between  our  two  specific  countries  Is  a  very  Important  asset  In 
the  venture. 

We  have  good  reasons  to  believe  that  this  view  of  things  is  shared 
by  at  least  a  few  American  scientists.  Let  us  report,  for  Instance,  some 
of  the  lines  written  by  Prof.  Stanley  last  September  upon  his  return  to 
the  U.S.  after  a  nine  months  stay  In  Paris  to  study  our  work  :  "...It  has 
been  an  unquatihied  success  and  I  believe  our  wo*fe  may  have  a  very  im¬ 
portant  ejrfecl  on  the.  practice  oh  anesthesiology  throughout  the  world 
in  the  next  hew  yean .  (...)  Our  data,  combined  with  those  obtained  by 
Proh.  Limoge  in  the  past  hew  yean  strongly  suggest  that  a  mean  oh 
administering  electrical  aneAthnia  without  any  other  anesthetics 
(intravenous  or  inhalation)  or  more  simplisticly  put  " pure  electric 
anesthesia"  should  be  possible.  It  is  my  opinion  that  much  ehhort  and 
support  should  be  put  behind  these  projects M  (signed  T.H.  Stanley,  M.D., 
Professor  of  Anesthesiology  and  Surgical  Research,  Director  of  the 
Anesthesiology  Laboratories  -  The  University  of  Utah  College  of  Medicine, 
Salt  Lake  City). 
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